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(57) A CDMA cellular system does not require accu- 
rate synchronization between all base stations and is 
capable of distinguishing the base stations from each 
other without the need for a complex process. When two 
element codes are multiplied with shifted timing to gen- 
erate a spreading code, different codes that do not 
agree with each other when cyclically shifted are gener- 
ated for the respective base stations. Spreading codes 
of the base stations are distinguished even when the 
t>ase stations are not kept in synchronism with each 
other. In the CDMA cellular system which uses such 
spreading codes, when frame synchronization is 
achieved using a perch channel spread by a spreading 
code that is common to all the base stations, a signal 
transmitted from one of the base stations is de-spread 
on the basis of a first element code which is of the same 
timing (phase) with respect to a frame in all the base 
stations. Since the de-spread signal is a signal pro- 
duced by shifting a second element code with timing 
(phase) which differs from base station to base station, 
a spreading code that is being used can be identified by 
a correlated value calculating unit. 
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Description 

[0001] The present invention relates to an automobile 
telephone system or portable telephone system (cellu- 
lar system) based on direct spreading code division 
multiple access (DS-CDMA), and more particularly to a 
circuit lor detecting a spreading code used by a base 
station in a cell where a mobile terminal of a cellular 
system is present. 

[0002] One conventional CDMA cellular system is a 
North American standard cellular system known as 
1S95. According to IS95. all base stations use a rela- 
tively long spreading code which is of about 26.6 ms (= 
2^^ chip period). The phase or starting time of the 
spreading code is shifted different intervals for the 
respective base stations to allow a cellular terminal to 
distinguish the base stations from each other. 
[0003] In the case where the phase or starting time of 
the spreading code is shifted different intervals for the 
respective base stations, since the cellular terminal only 
needs to search for the single spreading code when it is 
switched on, initial synchronization only can be per- 
formed using a simple sliding correlator. However, 
because the shifted code is distinguished only with the 
phase or starting time, if the base stations are shifted 
out of synchronism for transmission timing, then it is 
impossible to differentiate the spreading code phases 
for the respective base stations. 
[0004] For the alDove reason, it Is necessary for all the 
base stations to be synchronized with an accuracy of 
several chips, e.g., several microseconds for IS95. 
According to IS95, the base stations are maintained in 
synchronism with each other by the GPS (Global Posi- 
tioning System). 

[0005] Another conventional CDMA cellular system is 
known as W-CDMA (wide-band code division multiple 
access) that has not yet been put to practical use but for 
which standardization efforts are presentiy being made 
by Association of Radio Industries arxJ Businesses 
(ARIB) In Japan. 

[0006] According to W-CDMA, accurate synchroniza- 
tion of a plurality of base stations is achieved not by 
shifting the phase or starting time of a spreading code 
between the base stations, but by using different 
spreading codes, e.g., Gold codes, for the respective 
base stations. Since the spreading codes used between 
the base stations are different from each other, the 
spreading codes of the base stations can be distin- 
guished from each other even when the base stations 
are not kept in accurate synchronism with each other. 
[0007] In order to identify a base station, however, a 
cellular terminal has to search all possible spreading 
codes. Therefore, a large-scale piece of hardware and a 
long period of time are required to perform a process of 
searching for a cell where the base station is located. 
[0008] For reducing the period of time required for a 
cell search, there has been proposed a two- or three- 
stage search scheme for use with W-CDMA. 



[0009] According to tiie three-stage search scheme, 
spreading codes (long codes) used by base stations are 
divided into a plurality of groups, and each of the base 
stations periodically transmits, in addition to an ordinary 
5 transmission code, a first short code (1), common to all 
the base stations, indicative of the starting time of tiie 
transmission of the spreading code, and a second short 
code (GID) indicative of the group number of tiie used 
long code. 

10 [0010] The tiiree-stage search process comprises 
first, second, and tiiird stages. 

[0011] In tiie first stage, the cellular terminal searches 
for the first short code to detect the starting time of the 
transmission of tiie long code. 

15 [0012] In the second stage, tiie cellular terminal 
detects tiie second short code (GID) to identify the 
group number of the used long code. Since the group 
number is identified, tiie number of long codes which 
have to be searched can be reduced to a fraction 

20 thereof inversely proportional to the number of groups. 
[0013] In the tiiird stage, tiie cellular terminal uses all 
possible long codes to de-spread the received signal to 
decide whether a long code that can properly be 
received is an actually used long code or not. 

25 [0014] The atiove conventional CDMA cellular sys- 
tems suffer the following disadvantages: 

(1) Because the shifted code is distinguished only 
with the phase or starting time, if the base stations 

30 are shifted out of synchronism for transmission tim- 
ing, then it is impossible to differentiate the spread- 
ing code phases for the respective base stations. 
TTius, as witti the IS95 system, if all the base sta- 
tions use one spreading code shifted in phase, tiien 

35 the CDMA cellular system needs a synchronizing 
signal to keep all the base stations in accurate syn- 
chronism witii each other for h-ansmission timing. 
The CDMA cellular system could not be con- 
structed in tiie absence of an appropriate external 

40 synchronizing signal such as a synchronizing signal 
from tiie GPS, for example. 

Furthermore, the GPS is basically a U.S. mili- 
tary system and may possibly be put out of service 
for security reasons. If tiie GPS becomes inopera- 

45 tive unexpectedly, then the CDMA cellular system is 
abruptiy shut off. Another problem is tiiat areas 
where GPS antennas cannot be installed, e.g., 
indoor areas, underground areas, etc. cannot be 
used as service areas of the CDMA cellular system. 

50 (2) In the CDMA cellular system, one frequency is 
shared by a plurality of channels, and hence it is 
necessary to minimize interchannel interference. To 
meet such a requirement, signals are transmitted 
with a minimum required level of transmission 

55 power in each channel. In order to identify a 
spreading code that is being used, the spreading 
code needs to be actually de-de-spread to decide 
whether tiie spreading code is being used or not. 
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Since it is necessary to de-spread all possible 
spreading codes in an exhaustive fashion, the proc- 
ess of detecting whether there is a signal or not is 
complex. 

[001 5] It is therefore an object of the present invention 
to provide a CDMA cellular system which does not 
require accurate synchronization between all base sta- 
tions and is capable of distinguishing the base stations 
from each other without the need for a complex process, 
and a method of detecting a spreading code in such a 
CDMA cellular system. 

[0016] According to the present invention, when two 
element codes are multiplied with shifted timing to gen- 
erate a spreading code, different codes that do not 
agree with each other when cyclically shifted are gener- 
ated for the respective base stations. Spreading codes 
of the base stations are distinguished even when the 
base stations are not kept in synchronism with each 
other. 

[0017] In a CDMA cellular system which uses such 
spreading codes, when frame synchronization is 
achieved using a perch channel spread by a spreading 
code that is common to all the base stations, a signal 
transmitted from one of the base stations is de-spread 
on the basis of a first element code which is of the same 
timing (phase) with respect to a frame in all the base 
stations. Since the de-spread signal is a signal pro- 
duced by shifting a second element code with timing 
(phase) which differs from base station to base station, 
a spreading code that is being used can be identified by 
a correlated value calculating unit. 
[0018] The atxive and other objects, features, and 
advantages of the present invention will become appar- 
ent from the following description when taken in con- 
junction with the accompanying drawings which 
illustrate a preferred emkx>diment of the present inven- 
tion by way of example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] 

Fig. 1 is a block diagram of a CDMA cellular system 
according to the present invention; 
Fig. 2 is a block diagram of a transmitting section of 
a t^ase station of the CDMA cellular system shown 
in Fig. 1 ; and 

Fig. 3 is a tHock diagram of a receiving section of a 
cellular terminal of the CDMA cellular system 
shown in Fig. 1 . 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0020] The principles of the present invention are 
applicable to a cellular system in which frame timing is 
informed over a perch channel spread by a spreading 



code used commonly by all base stations and codes 
generated as combinations of two pseudo-random 
codes (FN codes), e.g., Gold codes generated as com- 
binations of two M (M is a natural number) sequences. 

5 are used as different codes for respective base stations. 
[0021] For example, two FN codes having a code 
length N (N is a natural number) can be combined into 
(N + 2) codes that are different from each other. The 
number of codes that are generated is equal to the sum 

10 (N + 2) of 2 (only one of the two codes is used at a time) 
and N (one of the two codes is shifted with respect to 
the other by 0 through N - 1). The codes that agree with 
each other when one of the two codes is cyclically 
shifted with respect to the other are regarded as the 

15 same code. 

[0022] Using the codes that do not agree with each 
other when shifted with respect to each other, the base 
stations can be distinguished from each other even if all 
the base stations are not in synchronism with each 

20 Other. 

[0023] For easier frame timing detection, a channel 
(perch channel) for informing frame timing may be peri- 
odically transmitted in syrrchronism with the frame tim- 
ing using a short code or may successively be 

25 transmitted with a low level of power using a spreading 
code having a length equal to a frame length. Alterna- 
tively, connected spreading codes for modulating a 
short code with another code having a period equal to a 
frame length and transmitting the modulated code may 

30 be employed. 

[0024] Since the spreading code of a channel (perch 
channel) for informing frame timing is used commonly 
by all the base stations, if the base stations are not in 
synchronism with each other, then two or more base 

35 Stations may possibly agree in timing with each other, so 
that perch channels may be transmitted and received in 
a superposed fashion. Even In this case, because the 
perch channels have the same frame timing, they can 
properly be received by a cellular terminal. 

40 [0025] Inasmuch as channels for carrying data are 
spread by different codes for the respective base sta- 
tions, they can be received without interfering with each 
other even if they have the same frame timing. 
[0026] A process of generating different spreading 

45 codes for the respective base stations will be described 
below. 

[0027] Two FN codes, I.e., a first FN code PN1 and a 
second FN code PN2. are generated in synchronism 
with the frame timing. 

50 [0028] The phase or initial value of the first FN code 
FN1 is shared by all the base stations, and the phase or 
initial value of the second FN code PN2 is varied for the 
respective base stations to distinguish the base stations 
from each other. Since the two FN codes are combined 

55 with each other for each of all the base stations, the 
codes of all the base stations are different from each 
other. Therefore, even if the base stations are kept out 
of synchronism with each other, a cellular terminal can 
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determine from which base station it is receiving a sig- 
nal. 

[0029] As described above, a system using different 
spreading codes for the respective base stations does 
not allow a cellular terminal to immediately determine s 
which spreading code is used to spread a transmitted 
signal even when frame synchronization is achieved. 
Therefore, the cellular terminal needs to change 
spreading codes to determine a correlation and gener- 
ate the spreading code which is being used based on io 
the determined correlation. 

[0030] According to the present invention, as 
described below, it is possible to identify the spreading 
code which is being used, with the conventional sliding 
correlator. Specifically, once frame synchronization is is 
achieved, since the first PN code is automatically deter- 
mined among the different spreading codes for the 
respective base stations, identifying the spreading code 
which is being used is equivalent to detecting the phase 
of the second PN code. Therefore, the same process as 20 
the one used in the IS95 system is applicable. 
[0031] Operation of a cellular terminal to generate a 
spreading code will be described below. 
[0032] When the cellular terminal receives a perch 
channel spread by a short spreading code, it achieves 2s 
frame synchronization with a base station which trans- 
mits a signal whose reception level is the highest. I.e., a 
base station which is normally positioned most closely 
to the cellular terminal. If multipath signals are com- 
bined by the RAKE processing, then the cellular termi- 30 
nal is synchronized with the timing of a subpeak that is 
detected within a certain range of delays from the timing 
of a signal whose reception level is the highest. 
[0033] The spreading codes of the base stations com- 
prise combinations of two PN codes. Since the phase of as 
one of the PN codes, i.e., the first PN code PN1 , is com- 
mon to all the base stations, it is possible for the cellular 
terminal to be brought into phase with the base station 
at the time frame synchronization is achieved. While a 
spreading code is a combination of first and second PM 40 
codes PN1. PN2, the received signal is first de-spread 
by the first PN code PN1 . If a spreading code for distin- 
guishing a plurality of channels in the base station is 
used, then the received signal is de-spread also using 
such a spreading code. 45 
[0034] If multipath signals are combined by the RAKE 
processing, then the received signal may be de-spread 
with the first PN code PN1 being timed for each path. 
[0035] When the received signal is de-spread by the 
first PN code PN1 , a signal is produced which has been so 
spread only by the second PN code PN2. Inasmuch as 
the phase of the second PN code PN2 is different from 
base station to base station, the phase of the second 
PN code PN2 can be determined by sliding the same 
code and detecting a peak of a correlated value, as with ss 
the IS95 system. 

[0036] If multipath signals are combined by the RAKE 
processing, then correlated values detected for the 



respective paths may be combined according to the 
RAKE processing, and a peak off the combined corre- 
lated values may be detected. Alternatively, a sliding 
correlation may be determined with respect to a single 
signal which is generated by combining signals which 
have been de-spread by the first PN code PN1 for the 
respective paths, according to the RAKE processing 
(the timing and the phase are weighted together by the 
reception level and added). 

[0037] The latter process is capable of reducing the 
amount of calculations for determining a sliding correla- 
tion, but needs the phases of the respective paths to be 
known in advance using a perch channel or the like. 
[0038] After the phase of the second PN code PN2 is 
determined, the first and second PN codes PN1, PN2 
are combined to generate a replica of the spreading 
code of the base station with which frame synchroniza- 
tion has been achieved and which transmits a signal 
whose reception level is the highest. Subsequently, the 
received signal is de-spread by the generated replica of 
the spreading code for thereby receiving desired data. 
[0039] Details of a CDMA cellular system according to 
the present invention will be described below with refer- 
ence to Figs. 1 through 3. 

[0040] As shown in Fig. 1, the CDMA cellular system 
comprises a plurality of movable cellular terminals 10 
(only one shown), a plurality of base stations 30a. 30b 
(only two shown) connected to the cellular terminals 10 
via radio links, and at least one exchange 50 (only one 
shown) connected to the base stations 30a, 30b and a 
network 60, for changing connections between the base 
stations 30a, 30b and the cellular terminals 10 and con- 
trolling switching operation on the network 60. 
[0041 ] The base station 30a has a transmitting section 
as shown in Fig. 2. As shown in Fig. 2, the transmitting 
section comprises a frame timing generator 31 for gen- 
erating frame timing, a spreader 32 as a first spreading 
means for spreading a perch channel synchronous with 
the frame timing generated by the frame timing genera- 
tor 31, with a spreading code wO as a first spreading 
code which is shared by all the base stations, a PN1 
generator 33 as a first element code generating means 
for generating a PN1 code as a first element code which 
is shared by all the base stations, based on the frame 
timing generated by the frame timing generator 31, a 
PN2 generator 34 as a second element code generating 
means for generating a PN2 code as a second element 
code which differs from base station to base station, 
based on the frame timing generated by the frame tim- 
ing generator 31 and a phase or initial value which dif- 
fers from base station to base station, a plurality of 
spreaders 35-1 through 35-N for spreading transmis- 
sion data or signals witii respective spreading codes w1 
through wN that are used to distinguish a plurality of 
channels transmitted in the same base Station, an 
adder 36 for adding tiie transmission signals spread by 
the spreaders 35-1 through 35-N, a multiplier 37 for mul- 
tiplying tiie spreading code (PN1 code) generated by 
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the PN1 generator 33 and the spreading code (PN2 
code) generated by the PN2 generator 34 and output- 
ting the product as a second spreading code, a 
spreader 38 as a second spreading means for spread- 
ing a sum transmission signal from the adder 36 with 
the second spreading code from the multiplier 37, an 
adder 39 for adding the perch channel spread by the 
spreader 32 and the transmission signal spread by the 
spreader 38, a transmission frequency converter 40 for 
converting a sum signal from the adder 39 into a radio 
signal, and an antenna 41 for transmitting the radio sig- 
nal from the transmission frequency converter 40. The 
base stations 30a, 30b are identical in structure to each 
other. 

[0042] Each of the cellular terminals 10 has a receiv- 
ing section as shown in Fig. 3. As shown in Fig. 3, the 
receiving section comprises an antenna 11 for receiving 
a radio signal, a reception frequency converter 12 for 
converting the radio signal from the antenna 1 1 into a 
baseband signal, a frame synchronizing circuit 13 as a 
detecting means for being supplied with a perch chan- 
nel contained in the baseband signal from the reception 
frequency converter 12. achieving frame synchroniza- 
tion based on the supplied perch channel, and output- 
ting frame timing, a PN1 generator 14 as a third element 
code generating means for generating a PN1 code in 
synchronism with the frame timing outputted by the 
frame synchronizing circuit 13, an de-spreader 15 for 
de-spreading the baseband signal from the reception 
frequency converter 12 with a short spreading code w1 
used to distinguish channels from each other, an de- 
spreader 16 for de-spreading an de-spread signal from 
the de-spreader 1 5 with the PN1 code generated by the 
PN1 generator 14. a PN2 generator 17 as a fourth ele- 
ment code generating means for generating a PN2 code 
based on the frame timing outputted by the frame syn- 
chronizing circuit 13 and a supplied peak value, a multi- 
plier 18 for multiplying the PN1 code generated by the 
PN1 generator 14 and the PN2 code generated by the 
PN2 generator 1 7, a sliding correlator 19 as a correlated 
value calculating means for determining, with gradually 
varying timing, a correlated value between the de- 
spread signal from the de-spreader 16 and the PN2 
code generated by the PN2 generator 1 7, a peak detec- 
tor 20 for detecting a peak of the con*elated value deter- 
mined by the sliding correlator 19. an de-spreader 21 for 
de-spreading the baseband signal from the reception 
frequency converter 12 with a short spreading code w2 
used to distinguish channels from each other, an de- 
spreader 22 for de-spreading an de-spread signal from 
the de-spreader 21 with a product spreading code gen- 
erated by the multiplier 18. and a data demodulator 23 
for dennodulating an de-spread signal from the de- 
spreader 22. The peak value detected by the peak 
detector 20 is supplied to the PN2 generator 17, which 
generates a PN2 code based on the frame timing out- 
putted by the frame synchronizing circuit 13 and the 
peak value detected by the peak detector 20. 



[0043] Operation of the CDMA cellular system thus 
arranged will be described below. 
[0044] First, a transmitting process can-ied out by the 
base station will be described below with reference to 
5 Fig. 2. 

[0045] The spreader 32 spreads a perch channel 
indicative of the frame timing with the spreading code 
wO, and the spreaders 35-1 through 35-N spread trans- 
mission data (txdatal - N) in a plurality of channels other 
10 than the perch channel, with respective short orthogo- 
nal spreading codes w1 through wN. e.g.. Walsh codes, 
that are used to distinguish the channels from each 
other. 

[0046] The transmission data spread by the spreaders 
IS 35-1 through 35-N are added together by the adder 36. 
[0047] The PN1 generator 33 generates a PN1 code 
which is shared by all the base stations. k»ased on the 
frame timing generated by the frame timing generator 
31. 

20 [0048] The PN2 generator 34 generates a PN2 code 
which differs from base station to base station, based 
on the frame timing generated by the frame timing gen- 
erator 31 and a phase or initial value which differs from 
t>ase station to base station. 

25 [0049] The multiplier 37 multiplies the spreading code 
(PN1 code) generated by the PN1 generator 33 and the 
spreading code (PN2 code) generated by the PN2 gen- 
erator 34. The spreader 38 spreads sum transmission 
data from the adder 36 with the product spreading code 

30 from the multiplier 37. Since the chip rate does not 
change, the transmission data may be considered to be 
scrambled. 

[0050] Thereafter, the adder 39 adds the perch chan- 
nel spread by the spreader 32 and the transmission 
35 data spread by the spreader 38. The transmission fre- 
quency converter 40 converts the sum signal from the 
adder 39 into a radio signal, which is transmitted by the 
antenna 41 . 

[0051 ] The different spreading codes of the respective 

40 base stations may comprise Gokl codes, for exannple. 
Gold codes may be generated using M sequences as 
two pseudo-random codes (PN sequences). Of the two 
PN codes of a Gold code, the PN1 code has a phase 
which is common to all the base stations (or the same 

45 initial value at the leading end of a frame is set in a M- 
sequence generating shift register), and the PN 2 code 
has a phase which differs from base station to base sta- 
tion (or the same initial value at the leading end of a 
frame is set in a M-sequence generating shift register). 

50 In this manner, the different spreading codes of the 
respective base stations can be generated. If the PN 
codes have a length N. then it is possible to generate (N 
+ 2) codes (which do not agree with each other when 
cyclically shifted with respect to each other). 

55 [0052] If it is assumed that a code "O" is converted into 
+ 1 and a code "1" into - 1 for spreading data, then a 
Gold code generated by exlusive-ORing two PN codes 
may be considered to be a code produced when two PN 
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codes are converted respectively into + 1 and - 1 and 
then multiplied by each other. In Fig. 2, all the codes are 
represented by + 1 and - 1 and the spreaders are imple- 
mented as multipliers for multiplying + 1 and - 1. 
[0053] A receiving transmitting process carried out by 
the cellular terminal will be described below with refer- 
ence to Fig. 3. 

[0054] A radio signal having a radio frequency which 
is received by the antenna 1 1 is converted into a base- 
band signal by the reception frequency converter 12. If 
a cell search is required immediately after the cellular 
terminal is turned on, then the cellular terminal receives 
a perch channel, and the frame synchronizing circuit 13 
achieves frame synchronization. 
[0055] If a perch channel is being transmitted as a 
burst signal in a period synchronous with a frame using 
a short spreading code, then a matched filter is used to 
receive the short spreading code, and a peak value of 
an output signal from the matched filter is detected to 
detect frame timing. If a perch channel comprises a 
sequence having a length equal to the length of a frame, 
then frame timing may be detected by shifting the timing 
with the sliding correlator. 

[0056] If a perch channel employs a connected 
spreading process for spreading unique words of a 
frame period using a short spreading code, then syn- 
chronization of the short spreading code is detected to 
synchronize the timing of the spreading code, and 
thereafter a sequence of unique words is detected from 
a sequence of demodulated signals for thereby detect- 
ing frame timing. 

[0057] As described above, the frame synchronizing 
circuit 13 detects frame timing in a manner depending 
on the process of transmitting a perch channel. If a 
perch channel is delected at a plurality of times, them 
frame timing may be synchronized with a base station 
which transmits a signal whose reception level is the 
highest. This is because a base station which transmits 
a perch channel whose reception level is the highest is 
generally considered to be a base station closest to the 
cellular terminal or a base station subject to the best 
propagation conditions. 

[0058] When the frame synchronizing circuit 13 
detects frame timing, the PN1 generator 14 generates a 
PN1 code which is a spreading code in synchronism 
with the received signal. 

[0059] The baseband signal converted from the 
received signal by the reception frequency converter 12 
is de-spread by the de-spreader 15 with the short 
spreading code w1 used to distinguish channels from 
each other. Thereafter, the de-spread signal is further 
de-spread by the de-spreader 16 with the PN1 code 
generated by the PN1 generator 14. 
[0060] The sliding correlator 1 9 determines, with grad- 
ually varying timing, a correlated value between the de- 
spread signal from the de-spreader 16 and the PN2 
code generated by the PN2 generator 17. The peak 
detector 20 detects a peak of the correlated value deter- 



mined by the sliding carelator 19. 
[0061 ] The PN2 generator 1 7 locks the phase in timed 
relation to the detection of the peak by the peak detector 
20. With the timing of the PN2 code being detected, a 
spreading code assigned to an individual base station 
can be generated. 

[0062] Thereafter, the baseband signal converted 
from the radio signal from the antenna 1 1 by the recep- 
tion frequency converter 12 is de-spread with the short 
10 spreading code w2 and the product of the PN1 and PN2 
codes, thus obtaining received data rxdata. 
[0063] The correlation between the received signal 
and the PN2 code may be determined by a process 
which does not employ the sliding correlator 19. For 
IS example, the received signal may be converted into a 
fast Fourier transform (FFT), which may be multiplied by 
a FFT of the PN2 code, after which the product may be 
converted into an inverse fast Fourier transform (IFFT) 
to determine a correlation between the received signal 
20 and the PN2 code. 

[0064] Alternatively, partial sequences of PN2 may be 
detected to obtain timing candidates, and all sequences 
may be compared to check whether they are proper tim- 
ing or not. 

25 [0065] As described above, after frame synchroniza- 
tion has been achieved, the received signal is de- 
spread with only the code PN1 of the spreading codes 
(Gold codes) as combinations of two codes PN. In this 
manner, even a base station asynchronous system is 

30 capable of conducting a cell search using a sliding cor- 
relator as with the IS95 system which is a base station 
synchronous system. 

[0066] If the base stations can be synchronized with 
each other using an external signal from the GPS or the 

35 like, then the phase or initial value of the PN2 code may 
be set to a predetermined fixed value for thereby dis- 
pensing with the detection of the timing of the PN2 
code. Accordingly, the time to generate a spreading 
code can be shortened in the same manner as when 

40 the base stations are not synchronized with each other. 
[0067] If the base stations are synchronized with each 
other, the initial value of the PN2 code may be set to "0", 
so that the spreading code comprises only the PN1 
code. With this alternative, the time to generate a 

45 spreading code can also be shortened in the same 
manner as when the base stations are not synchronized 
with each other. 

[0068] Although a certain preferred embodiment of 
the present invention has been shown and described in 
so detail, it should be understood that various changes and 
modifications nriay be made therein without departing 
from the scope of the appended claims. 

Claims 

55 

1. A CDMA cellular system comprising a plurality of 
mobile terminals and a plurality of base stations 
connected to said mobile terminals via radio links; 
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each of said base stations comprising: 
first spreading means for spreading channel 
data with a first spreading code which is shared 
by all the base stations; 

first element code generating means for gener- s 
ating a first element code which is in synchro- 
nism in time with said first spreading code; 
second element code generating means for 
generating a second element code which dif- 
fers from base station to base station; io 
multiplying means for generating a second 
spreading code which differs from base station 
to base station, based on said first element 
code generated by said first element code gen- 
erating means and said second element code is 
generated by said second element code gener- 
ating means; 

second spreading means for spreading the 
channel data based on said second spreading 
code generated by said multiplying means; 20 
adding means for adding the channel data 
spread by said first spreading means and the 
channel data spread by said second spreading 
means; and 

an antenna for transmitting sum channel data 2s 
from said adding means; 
each of said mobile terminals comprising: 
detecting means for detecting said first spread- 
ing code; 

third element code generating means for gen- 30 
erating said first element code of said second 
spreading code in synchronism with timing of 
said first spreading code; 
fourth element code generating means for gen- 
erating said second element code out of syn- 35 
chronism with timing of said first spreading 
code; 

de-spreading means for de-spreading a signal 
transmitted from one of said base stations 
based on said first element code; and 40 
correlated value calculating means for calculat- 
ing a correlated value between the signal de- 
spread by said de-spreading means and said 
second element code; 

said fourth element code generating means 45 
comprising means for generating said second 
element code based on timing where the corre- 
lated value calculated by said correlated value 
calculating means is maximum. 

50 

2. A CDMA cellular system according to claim 1, 
wherein said second spreading code comprises a 
Gold code comprising a combination of two M 
sequences (Maximum length shift-resister 
sequences), said two M sequences including a first ss 
sequence which is generated based on a phase or 
initial value which is common to all the base sta- 
tions and a second sequence which is generated 



based on a phase or initial value which varies from 
base station to base station. 

3. A CDMA cellular system according to claim 1 or 2. 
wherein each of said second element code gener- 
ating means and said fourth element code generat- 
ing means comprises means for setting said 
second element code to a fixed value if all the base 
stations are synchronized with each other using an 
external timing signal. 

4. A method of detecting a spreading code in a CDMA 
cellular system having a plurality of mobile termi- 
nals and a plurality of base stations connected to 
said mobile terminals via radio links, corrprising the 
steps of: 

transmitting, from one of said base stations, a 
channel spread based on a first spreading 
code which is comnDon to all the base stations, 
and a channel spread based on a second 
spreading code which is generated by multiply- 
ing at least two element codes, at least one of 
which is in synchronism in time with said first 
spreading code and at least one of which is 
shifted in time from base station to base sta- 
tion; 

detecting the first spreading code transmitted 
from said one of the base stations to match tim- 
ing thereof in one of said nnobile terminals; 
synchronizing timing of a first element code of 
said second spreading code transmitted from 
said one of the base stations to the timing of 
said first spreading code in said one of the 
mobile terminals; and 

detecting timing of a second element code of 
said second spreading code transmitted from 
said one of the base stations while being 
shifted with respect to the timing of said first 
spreading code in said one of the mobile termi- 
nals. 

5. A method according to claim 4, wherein said sec- 
ond spreading code comprises a Gold code com- 
prising a combination of two M sequences 
(Maximum length shift-resister sequences), said 
two M sequences including a first sequence which 
is generated based on a phase or initial value which 
is common to all the base stations and a secorxl 
sequence which is generated based on a phase or 
initial value which varies from base station to base 
station. 

6. A method according to claim 4 or 5, further com- 
prising the steps of: 

detecting said first spreading code in said one 
of the mobile terminals; 
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8. 



generating said first element code of said sec- 
ond spreading code in synchronism with the 
timing of said first spreading code in said one of 
the mobile terminals: 

de-spreading a signal transmitted from said s 
one of the base stations with said first element 
code; 

calculating a con-elated value between the de- 
spread signal and said second element code; 
and io 
identifying the second spreading code with tim- 
ing where said conrelated value is maximum. 

A method according to daim 5 or 6, wherein said 
second element code is set to a fixed value if all the is 
base stations are synchronized with each other 
using an external timing signal. 

A CDMA cellular system comprising a plurality of 
mobile terminals and a plurality of base stations 20 
connected to said mobile terminals via radio links; 

each of said base stations Connprising: 
first spreading means for spreading channel 
data with a first spreading code which is shared 2s 
by all the base stations; 
first element code generating means lor gener- 
ating a first element code which is in synchro- 
nism in time with said first spreading code; 
second element code generating means for 30 
generating a second element code which dif- 
fers from base station to base station; 
multiplying means for generating a second 
spreading code which differs from base station 
to base station, based on said first element 35 
code generated by said first element code gen- 
erating means and said second element code 
generated by said second element code gener- 
ating means; 

second spreading means for spreading the 40 
channel data based on said second spreading 
code generated by said multiplying means; 
adding means for adding the channel data 
spread by said first spreading means and the 
channel data spread by said second spreading 45 
means; and 

an antenna for transmitting sum channel data 
from said adding means. 

A CDMA cellular system comprising a plurality of so 
mobile terminals and a plurality of base stations 
connected to said mobile terminals via radio links; 

each of said mobile terminals comprising: 
detecting means for detecting a first spreading 55 
code which is shared by all the base station; 
first element code generating means for gener- 
ating a first element code which is in synchro- 



nism in the time with said first spreading code 
of a second spreading code which differs from 
base station to base station in synchronism 
with timing of said first spreading code; 
second element code generating means for 
generating a second element code which dif- 
fers from base station to base station out of 
synchronism with timing of said first spreading 
code; 

de-spreading means for de-spreading a signal 
transmitted from one of said base stations 
based on said first element code; and 
correlated value calculating means for calculat- 
ing a correlated value between the signal de- 
spread by said de-spreading means and said 
second element code; 

said second element code generating means 
comprising means for generating said second 
element code based on timing where the corre- 
lated value calculated by said correlated value 
calculating means is maximum. 
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